This investigation assessed whether using prior heavy resistance exercise would improve the 3 repeated sprint performance of 16 trained youth apprentice soccer players (Age 17.05 ± 0.65 4 years; height 182.6 ± 8.9 cm; body mass 77.8 ± 8.2 kg). In the first session individual 1 5 repetition max was measured. In sessions 2 and 3, participants performed a running-based 6 repeated anaerobic sprint test with and without prior heavy resistance exercise of 91% 1 7 repetition max utilising a squat movement. Times were recorded for each of the 6 sprints 8 performed in the repeated anaerobic sprint test and summed to provide total time. T-tests 9 were used to compare times for the two exercise conditions for corresponding sprint within 10 each repeated anaerobic sprint test as well as the total time. Analysis revealed significantly 11 reduced total time with use of heavy resistance exercise (33.48 (± 1.27) vs. 33.59 (± 1.27); p 12 = 0.01). Sprints 1 (p = 0.05) and 2 (p = 0.02) were also faster in heavy resistance exercise 13 condition (5.09 (± 0.16) vs. 5.11 (± 0.16) and 5.36 (± 0.24) vs. 5.45 (± 0.26) seconds 14 respectively) although no other differences were shown. Findings demonstrate improved 15 sprint times of trained adolescent soccer players after heavy resistance exercise although this 16 benefit appears not as sustained as in adult participants. 17 18
age or maturation state (Van Praagh & Dore, 2002) . Likewise, children and adolescents 48 4 possess less quantity of type II muscle fibres in the vastus lateralis muscle compared to adults 49 (Lexell, Sjöström, Nordlund, & Taylor, 1992; Sjöström, Lexell, & Downham, 1992) and have 50 a reduced ability to utilize these higher-threshold motor units (Cohen et al., 2010; Dotan et 51 al., 2012) which are more responsive to heavy resistance exercise (Hamada, Sale, 52 MacDougall, & Tarnopolsky, 2000; Howarth & Kravitz, 2008) . The combination of these 53 factors may influence the ability of adolescent participants to derive benefits from heavy 54 resistance exercise. However, these characteristics can be enhanced through training (Sale, 55 2002) and thus a trained adolescent population may be receptive to heavy resistance exercise. is also thought to be significantly reduced follow heavy resistance exercise. There will also 65 be a positive correlation between individual 1 repetition max and difference between with 66 and without heavy resistance exercise sprint times. 
Methods

69
Sixteen adolescent male apprentice soccer players participated in this investigation (age 17.1 70 ± 0.65 years; height 182.6 ± 8.9 cm; weight 77.8 ± 8.2kg). Participants were deemed 71 athletically trained as they trained twice a day (90 -120 min per session), five days a week 72 (Smith, 2012) . All participants wore suitable running shoes and the same club issue training 73 5 kit (t-shirt, shorts and socks) to alleviate possible variability within the testing procedures.
74
Each participant had a minimum of 6 months experience in performing back squats, the task 75 utilised for the initiation of post-activation potentiation. All participants were informed about 76 the procedures and any potential risks involved within the study; parental written consent was 77 obtained before participation. Participants were also informed of their right to withdraw from 78 the study at any time. anaerobic sprint test, an identical 10-minute moderate intensity warm up consisting of 85 jogging and dynamic stretches was performed. repeated anaerobic sprint tests were then 86 carried out following the warm up alone (control) and after the warm up with additional 87 heavy resistance exercise. The order that the tests were completed was counterbalanced for 88 each participant. Each test was carried out at the same time on two subsequent Wednesdays 89 to ensure adequate recovery from a competitive fixture on the previous Saturday. This also 90 maintains test validity and reliability with regards to any influence of circadian rhythms and 91 diurnal variation (Drust, Waterhouse, Atkinson, Edwards, & Reilly, 2005) . Prior to each 92 repeated anaerobic sprint test, participants were told not to partake in any exhaustive exercise 93 in the preceding 24 hours of testing. They were also told to eat and drink the same during the 94 24 hours before each test. This included the avoidance of food and caffeine 2 hours prior to 95 the testing procedure. This was verbally confirmed by each participant. The repeated anaerobic sprint test was conducted on an outdoor 3 rd generation Astroturf 98 surface to eliminate possible variance in underfoot conditions. The procedure for the repeated 99 anaerobic sprint test without heavy resistance exercise followed those reported in the 100 literature (Zacharogiannis et al., 2004) . Each participant was required to perform a maximal 101 linear sprint for 35 meters. Ten seconds recovery time was then observed before the next 35 102 metre sprint began in the opposite direction; six sprints were conducted in total. Participants 103 were given loud vocal encouragement throughout the repeated anaerobic sprint test and were 104 instructed to perform each sprint in an all-out manner without any consideration towards 105 conservation of energy and to avoid pacing strategies. To measure the times for each sprint, Prior to the heavy resistance exercise trial, 91% of each individual's 1 repetition max was 138 lifted 3 times in the same manner as was described during the calculation of 1 repetition max.
139
This was followed by a recovery period of 8 minutes before the repeated anaerobic sprint test 140 protocol was performed. This was deemed an optimal recovery period length to help 141 overcome the fatigue effects from the protocol whilst still maintaining the potential benefit 142 that post-activation potentiation would offer (Bevan et al., 2010) . 
Results
158
Significant differences were demonstrated between corresponding sprints within the repeated 159 anaerobic sprint test. Sprints 1 (p = 0.05) and 2 (p = 0.02) were faster in heavy resistance 160 exercise condition (5.09 (± 0.16) vs. 5.11 (± 0.16) and 5.36 (± 0.24) vs. 5.45 (± 0.26) seconds 161 respectively) although no other paired differences were shown (p ≥ 0.21). A statistically 162 significant effect for total time was also observed where a decrease in time was observed with 163 the heavy resistance exercise condition (p = 0.01; Table 1 ). Effect sizes for comparisons of 164 time with and without heavy resistance exercise during the individual sprint were trivial (d < 165 0.2) for sprints 1, 3, 4, 5 and 6, as well as for the total time. The effect size for sprint 2 was 166 small (d = 0.36).
168
The Pearson's correlation coefficients indicated small relationships between the 1 repetition 169 max and difference in sprint time for each of the 6 sprints (r = -0.16 to 0.24) but none were 170 statistically significant (p > 0.05; Figure 1 ). Despite the benefit of overall sprint time being reduced following the heavy resistance 204 exercise, it was only improvements in sprints 1 and 2 that contributed to this overall finding.
205
Participants seemed to experience an inability for sustained improvements for the remaining 206 sprints which is contrary to the findings of Okuno et al. (2013) seen during repeated 30 m 207 sprints in trained adult handball players. It could be speculated that whilst appropriate for 208 adult participants, the length of the recovery time between conditioning exercise and the 209 sprints may have been too long, resulting in a higher rate of decay in the post-activation 210 potentiation mechanism (Sale, 2002) and a less sustained improvement in sprint time for the 211 adolescent athletes used. Likewise, despite their trained status, the age of the participants may 212 mean that they still have insufficient number and conditioning of type II muscle fibres which 213 are more responsive to heavy resistance exercise (Ausubel, 2002; Hamada, Sale, 214 MacDougall, & Tarnopolsky, 2000; Howarth & Kravitz, 2008) . Consequently, the type II 215 fibres that are available are more heavily loaded and thus are fatigued more quickly following 216 the initial sprints; they are then unable to sustain the improved sprint performance.
218
Hopkins (2000) suggested that effect size of 0.2 multiplied by the between subject standard 219 deviation represents the threshold for the smallest worthwhile change for substantial sprint 220 performance modification. When performing short maximal sprints over 10 to 40 m, typical 221 error in the measurement has been shown to be between 1 and 2.6% (Buchheit & Mendez-222 11 Villanveva, 2013; Duthie et al., 2006; Moir, Button, Glaister, & Stone, 2004) representing a 223 good test, but which results in error that is much greater than the smallest worthwhile change 224 for sprinting (Duthie et al., 2006) . Because of this discrepancy, when using a single beam 225 timing gate as utilised in the current investigation, there is only a marginal chance of reliably 226 detecting a change of sufficient magnitude to be worthwhile in practical terms (Duthie et al., 227 2006) . Owing to this error, it is possible that larger, more meaningful effects are actually 228 experienced during repeated sprints following heavy resistance exercise. Use of a dual beam 229 timing gate and strict starting procedures can lower this error substantially and increase the 230 possibility to detect these differences in a future investigation (Duthie et al., 2006) .
232
Application of the study results to real world scenarios may be problematic. The general 233 moderate warm-up procedure used in both the experimental and control conditions is similar 234 to that used in studies utilising the repeated anaerobic sprint test (Zagatto et al., 2009; 235 Balciunas et al., 2006) . However, the warm-up procedure may not have been as thorough as 236 that found in real life settings and thus may not be deemed optimal for the repeated anaerobic 237 sprint test. The addition of the heavy resistance exercise may therefore have enabled 238 improvement to be made yet had a more intense warm up been implemented there may not 239 have been the same trends observed due to less physiological capacity to benefit further 240 following the heavy resistance exercise. This speculation however needs consideration in The magnitude of response to the heavy resistance exercise has also been shown to correlate 249 with the absolute load magnitude lifted by the participant, whereby those who lift greater 250 amounts tend to be more responsive to the intervention (Okuno et al., 2013) . The statistical 251 analysis revealed no significant correlations between difference in sprint time and 1 repetition 252 max for any of the six sprints. This is contrary to both the study hypothesis and the evidence 253 presented in the literature (Duthie, Young, & Aitken, 2002; Kilduff et al., 2008; Okuno et al., 254 2013; Young, Jenner, & Griffiths, 1998) . This suggests that magnitude of load has a limited 255 role when attempting to elicit post-activation potentiation in trained adolescent athletes. 
Conclusions
258
Training for speed is an important consideration for many intermittent sports such as soccer, 259 and data in the current investigation shows that overall repeated sprint speed in trained 260 adolescent soccer players can be improved using heavy resistance exercise, which was the 261 result of improved initial sprint speed. It is however, important to acknowledge, that the 262 specific effect of using heavy resistance exercise in speed training is yet to be 263 comprehensively studied. Similarly the level of change demonstrated in the current 264 investigation may question the practical meaningfulness of the study findings.
266
Having only observed benefit of heavy resistance exercise for the first and second sprints and 267 that there appears no relationship between the difference in sprint time with 1 repetition max 268 magnitude, developing sustained improvements from heavy resistance exercise may relate to 269 the biological age, muscle fibre type and overall muscle condition. This may influence the 270 capacity to derive prolonged benefits for the heavy resistance exercise intervention. This lack 271 13 of significant differences may also relate to issues in data reliability when using a single 
